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P r o t e c t i o n  Branch Report o f  Test No. 16-65 
I n v e s t i g a t i o n  o f  M ic rob ia l  Contamination I r ts ide  
I r r a d i a t e d  and Heated E l e c t r o n i c  Components 
A t  the request o f  N.W. LeVora, M a r t i n  Company, Middle River ,  Maryiand, 
t h i s  Laboratory tes ted  some e l e c t r o n i c  components f o r  in j ternai  m i c r o b i a l  
contamination, t h a t  had been p rev ious l y  subjected t o  va r ious  doses of b ig?  
r a d i a t i o n  o r  t o  d r y  heat. 
personnel and found t o  f u n c t i o n  s a t i s f a c t o r i l y  a f t e r  t h e  va:ious t reatments.  
The r e s u l t s  o f  t h e  m i c r o b i o l o g i c a l  t e s t s  a r e  the  sub jec t  o f  t h i s  repor t .  
These components were tes ted  by M a r t i n  Company 
MATERIALS AND METHODS 
A t o t a l  o f  31 e l e c t r o n i c  components were received and, o f  these, 22  
had been subjected t o  a r a d i a t i o n  or d r y  heat t reatment:  
a .  Two r e s i s t o r s  and two capaci tors  were exposed t o  a gamma 
r a d i a t i o n  dose o f  l o 6  rads. Cobalt 60 was used as the gamma Tadiat iop 
source f o r  t h i s  and f o r  the components i n  b. and c. below. 
b. Two r e s i s t o  s and two capaci tors  were exposed t o  a gamma & r a d i a t i o n  dose o f  5 x 10 rads. 
c. Two res s t o r s  and two capaci tors  were exposed t o  a gamma 
r a d i a t i o n  dose o f  10 i rads. 
d Four t r a n s i s t o r s  were exposed t o  a t o t a l  nebtror, r a d i a t i o n  
of 4 x lo i4 f luence. 
rads. 
This  was reported t o  be equ iva len t  t c  1 x I O 6  - + 7 5 A  
e. Three r e s i s t o r s  and three capac i to rs  were exposed to two d r y  
heat cyc les one f o r  40 hours a t  approximately 149" C and the  sel-ond f o r  30 
hours a t  149" C. 
N ine unt reated e l e c t r o n i c  components ( f o u r  r e s i s t o r s ,  t h r e e  capaci tcrs ,  arkd 
two t r a n s i s t o r s )  were used as con t ro l s .  
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The procedure used t o  t e s t  e l e c t r o n i c  components f o r  i n t e r n a l  contami- 
n a t i o n  i s  as fo l lows.  The e l e c t r o n i c  components, t he  t o o l s  needed t o  break 
and g r i n d  the components, and f l u i d  t h i o g l y c o l l a t e  medium blanks (sealed 
w i t h  tape) were placed i n  a c losed p l a s t i c  chamber and exposed t o  ethy lene 
ox ide gas f o r  s i x  hours. E l e c t r o n i c  components g iven d i f f e r e n t  t reatments 
and c o n t r o l  o r  unt reated components were tes ted  separate ly  t o  avoid any 
poss ib le  cross contamination. The ethy lene ox ide treatment s t e r i l i z e s  t h e  
a i r  as w e l l  as the  e x t e r i o r  o f  a l l  components, mater ia ls ,  and surfaces 
i n  t h e  chamber; however i t  does not a f f e c t  microorganisms sealed w i t h i n  
the components. A f t e r  treatment the  chamber was aerated 16 hours. Each 
e l e c t r o n i c  component was then broken, ground as w e l l  as poss ib le ,  and the 
pieces put i n t o  a f l u i d  t h i o g l y c o l l a t e  medium b lank t 9  incubate a t  37 C f o r  
seven days. An a l i q u o t  o f  each sample b lank  was then streaked on t r y p t o s e  
agar t o  check f o r  m i c r o b i a l  growth. I n  add i t i on ,  a methylene b l u e  s t a i n  o f  
the sample was examined m ic roscop ica l l y  f o r  microorganisms. I f  no micro-  
organisms were detected, the sample was inoculated w i t h  approximately 100 
v i a b l e  b a c t e r i a l  c e l l s ,  t o  assure t h a t  t h e  medium i n  the  presence o f  t he  
component was capable o f  suppor t ing b a c t e r i a l  growth. 
RESULTS AND D I S C U S S I O N  
Resul ts o f  t e s t i n g  unt reated and r a d i a t i o n  o r  heat t r e a t e d  e l q c t r o n i c  
components f o r  i n t e r n a l  contaminat ion a re  g iven i n  Table I. Out o f  t he  
n ine  untreated components tasted, o n l y  one t r a n s i s t o r  was found t 0  be conT 
taminated i n t e r n a l l y .  Th is  i s  cons i s ten t  w i t h  t h e  r e s u l t s  repor ted by 
Phi 1 1  ips and Hoffman 1/ and Cordaro and Wynne 21 who found 7-17'2, o f  t h e  
o f f - t h e - s h e l f  components tes ted  t o  be i n t e r n a l l y  contaminated. Since t h i s  
percentage i s  very low and s ince so few components were t r e a t e d  and tes ted  
i n  the  present study, i t  i s  d i f f u c u l t  t o  appra ise the  e f f e c t  o f  any g iven 
s t e r i l i z a t i o n  treatment. When on ly  f o u r  o r  s i x  o f f - t h e - s h e l f  items a re  
selected f o r  t e s t  i t  i s  q u i t e  probable t h a t  none w i l l  be i n t e r n a l l y  contami- 
nated before s u b j e c t i n g  t o  any s t e r i l i z i n g  t reatment.  Th is  p r o b a b i l i t y  i s  
greater  than t h a t  a l l  w i l l  be i n t e r n a l l y  contaminated. The d i f f i c u l t y  o f  
assessment i s  ev ident  i n  the  data, where t h e  percentage o f  contaminat ion 
was h igher  (5/22)  among the  t r e a t e d  components than the  unt reated (1/9). 
However, a c lose  examination o f  t he  r e s u l t s  o f  t h e  i r r i d a t e d  components 
reveals t h a t  f o u r  o f  the f i v e  contaminated ones had received less than the  
u s u a l l y  recommended s t e r i l i z i n g  dosage o f  5 x l o 6  rads. 
value i s  the one capac i to r  which showed contaminat ion even though i t  had 
been exposed t o  107 rads of gamma r a d i a t i o n ,  a dosage which normal ly  would 
have a f a i r  margin of safety .  Microorganisms a t  the cen te r  of a capac i to r  
a re  protected by many Bayers of metal f o i l ,  and a l though gamma r a d i a t i o n  
i s  q u i t e  penetrat ing,  t he  exact dosage a t  t he  center  o f  t he  c mponent Can- 
not be p r e c i s e l y  determined, and could have been below 5 x 10' rads. I t  
i s  t he  dosage a t  the i n t e r n a l  s i t e  where the  microorganisms a re  present ;  
not a t  the surface o f  t he  component t h a t  i s  important.  
The on ly  anomalous 
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The s i x  components exposed t o  d ry  heat a t  149 C f o r  70 b u r s  5hme-d  
no contamination. 
t h a t  b a c t e r i a l  spores entrapped i n  s o l i d s  such as p l a s t e r  of P a r i s ,  asbestos 
pa tch ing  cement and var ious denta l  ma te r ia l s  were k i l l e d  a f t e r  30 hou.,s 
exposure t o  d ry  heat a t  120 C (248 F ) .  
This would be expected s ince  Bruch e t  a1 a/ demonst-atEd 
S t e r i l i z a t i o n  dosages whether heat o r  r a d i a t i o n  are  q u i t e  w e l l  knmvgip 
having been worked out i n  la rge  scale experiments where s t a t i s t i c a l  c o n f i -  
dence can be placed on t h e  r e s u l t s .  
employed i n  these tests, can spot check such values, but  camor  be used t o  
e s t a b l i s h  them. They are  o f  more value i n  determin ing whether s t e v i l i z a t i o n  
treatments, recommeried from o ther  experiments, adversely a f f e c t  the com- 
ponent r e l i a b i l i t y ,  than they are i n  working out  optimum s t e r i l i n a t i o q  
treatments. 
Tests w i t h  a few compcments s b c h  as 
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Number o f  E l e c t r o n i c  Components I n t e r n a l l y  Contarniqated 
No. Coniami.Tared 
T rea t men t E l  e c t  ron i c Component No. Tested 
None Resis tor  RNR 
Capaci tor  CPvo8 
T rans i s to r  2N3250 
Gamma Rad ia t i on  Res is to r  RNR 
( lo6  rad) Capaci tor  CPvo8 
Gamma Rad i a t  i on 
(5 x lo6 rad) 
Gamma Rad ia t ion  
( 1  07 rad) 
Resis tor  RNR 
Capaci tor  C P V O ~  
Resis tor  RNR 
Capaci tor  C P V O ~  
Neutron T rans i s to r  2N3250 
Rad i a t  i T rans is to r  2N3307 
(4 x 1o(i'c f luence)  
Heat Resis tor  RNR 
(70 hrs  @ 149 C )  Capaci tor  C P V O ~  
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